INTRODUCTION Among the components of an electric power system, the transmission line is the most susceptible element to experience faults, especially if its physical dimension is considerable. Concerning the different kinds 'of faults, they can occur between a conductor and ground (single-line-to-ground faults), two conductors and ground (phase-to-phase-to-ground faults), two conductors (phase-to-phase faults) or three phase faults .
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Distance relaying technique has attracted considerable attention for the protection of transmission lines. The principle of these techniques measures the impedance at a fundamental frequency between the relay location and the fault point, thus determining if a fault is internal or external to a protection zone. Voltage and current data are used for this purpose and they generally contain the fundamental frequency signal added with harmonics and DC offset.
Initial efforts in distance estimation rely on the determination of transmission line impedance using specific line models considering certain real-world effects such as harmonics, arcing faults, current-transformer-saturation etc. However, the models used are not able to consider all possible effects. Therefore erroneous trip decisions undermine the dynamic stability of the power system [I, 21. Protective relaying is a very good candidate for the application of pattern recognition. The majority of power system protection techniques are involved in defining the system state through identifying the pattern of the associated voltage and current waveforms measured at the relay location. In this paper an ANN-based approach is used and a very high accurate distance relay is designed. Application of the proposed algorithm reduces the effects of system variables such as fault resistance, source impedance and decaying DC offset on the decision made by the distance relay. It is shown that the proposed relay is able to accurately distinguish between faults inside and outside of its protection zone under different system conditions. The proposed algorithm is tested to evaluate its performance in terms of accuracy, robustness and speed. Some of the test results are included in the paper. Figure 1 
II.

BASIC STRUCTURE OF THE PURPOSED ALGORITHM
SIMULATION OF THE POWER SYSTEM
In order to test the applicability of the scheme proposed above, a simulation of the transmission line in a faulted condition was utilized, This paper makes use of EMTDC [ 141. Perfect line transposition has been assumed. The 100 km, 230kV transmission line used to train and test the proposed ANN is shown in Figure 2 . More details about the transmission line parameters are presented in Table I .
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The combinations of fauIts shown in Table 11 , have been gencrated to be uscd for training of ANN in this power system. classes, and which permit efficient computation to limit the amount of training data and size of the network.
Most of the necessary information for determining disturbances and transients in power systems is usually contained in the voltage and current waveforms. For more survey, changes of volage and current are studied with changes o f fault location. Figs. 3 and 4 show part of the results of this studies. Figure 3 shows changes of amplitudes of voltages and currents with changing fault location for a singIe phase fault. It is shown, that amplitudes are finction of fault location. For other faults and other conditions (power angle, fault resistance, etc.), simulation studies show same results. It means that if for two different conditions, where fault occurs in two different locations of fault, and the amplitudes of voltages and currents are not equal, the amplitudes of voltages and currents can be the suitable inputs for ANN-based distance relay.
Extensive studies were performed and it was found that a neural network using amplitudes of three phase currents and voltages is able to distinguish fault region.
V. PREPROCESSING
Preprocessing is a useful method to reduce the dimensions of the input data set. The preprocessing stage can significantly reduce thc size of thc neural network based distance relay, which in turn improves thc performance and speed of the training process 1151. The fault voltage and current signals are often noisy. In addition, when a fault occurs on a transmission line, voltage and current signals develop a decaying DC offset component whose magnitudes depends on many factors that are random in nature. Thus, the input data should be preprocessed before being fed to the network.
The process of generating input patterns from the recorded voltages and currents is depicted in sample figures of three phase voltages and currents at the relay location, obtained from the EMTDC. These samples were processed by 2nd order low pass anti alising filters and were resampled at I kHz. The anti alising filters had a cut-off frcqucncy of 100 Hz. A 2-sample FIR digital flitter then removed the DC component. Elimination of the DC component cnhanccd thc training capabilities of the discriminator.
Voltage and current samplcs were scaled to have a maximum value of +1 and a minimum value of-1, This was archived by using a scaling factor equal to the peak value of the normal rated voltage for the voltage samples, and 6 timcs of the pcak value of norma1 rated current for the currcnt samplcs. Patterns were thcn generated using the processed voltage and currcnt samplcs. The scheme should discriminate bchveen faults lying within 80 YO of thc line length and faults outside that zone, giving 0 and 1 answers respectively for thc line length the reIay should send a trip signal to the equivalcnt circuit breaker.
It should be mentioned that the input variablcs have to be normalized in order to reach the ANN inputs. Due to the necessity of different scaling for voltages and currents, the normalized current must be divided by an additional factor.
Concerning thc ANN architecture, parameters such as the number of inputs to the network, as well as the number of neurons in the input and hidden layer werc decided empirically. This process involvcd experimentation with various nchvork configurations. Through a series of trial and error and modifications of thc ANN architccture, the best performance is a three layer perceptron, with 6 inputs, 1 output and 12, 6 neurons in tlic hidden layers. This ANN performs satisfactorily using thc Levenbcrg training algorithm 116, 171. The transfer function of thc network ncurons is hyperbolic tangent.
S .
Faults were created at both ST and TD. Instantaneous values of the voltage and current signals at the bus S were recorded using a sampling frequency of 20 kHz. 
VIl.
TEST RESULTS
A. Inifid Pegonnance Studies
A validation data set consisting of about 100 different fault typcs was generated using the power system model shown in Figure 1 . The validation set of fault patterns was different from the fault patterns used to train the network. For differcnt faults of the validation set, fault type, fault location, fault inception time, source impedance and pre-fault powcr flow direction werc changed to investigatc the effects of these factors on the performance of the proposed algorithm. Extreme cases like faults near the protection zone boundary including fault resistance were also included in the validation data set. For the studies performed in this section, the first protection zone was set to 80 km. is further from a conventional digital distance relay. The operation time for proposed distance relay and conventional distance relay with DFT algorithm for a few faults with different power system conditions is presented in Table 111 . As an example, test results for a singIe phase to ground, AG fault at 20 km from the relay location is presented in the first row of the Table HI . For this fault, the reIative angle of the sending-end source with respect to the angle of the receiving-end source was 30 degrees. The fault inception angle with respect to phase A voltage zero crossing was 10 degrees.
Thc fault data were passed through the preprocessing stages described earlier to generate which were then presented to the proposed distance. Tables IV and v show the outputs of the proposed distance relay. Table TV shows the results of test relay with fault resistance 0 !2. The six-bus model of the Khorasan province transmission network was chosen for additional testing of the proposed For the faults close to the boundary zone, performance of the distance. The single line diagram of this system with the relay A m algorithm was checked. As shown in Table Iv ? for the installed on the bus S and looking faults in the line ST is faults at 78 km, the ANN algorithm has performed quite shown in Figure 6 . Different faults were simulated on accurately and reliably. The ANN-based algorithm relay did transmission lines ST and TD. Fault data were generated using not encounter the problem of improper action even for the EMTDC. factors and system parameters in wide ranges has been considered in the test cases. The algorithm performance has been checked for faults near to the zone boundary including considerable amount of fault resistance. Unlike conventional algorithms, the proposed relay operates correctly even for these fault cases.
B. Additional Per$ormance Studies
--
The proposed schcmc has been tested for both inside as well as outside of thc protccted zone faults and correct responses for both cases are obtained. For the faults beyond the first zone but very near to the zone boundary, the relay does not operate. It was shown that the proposed scheme improves distance relay performance for faults near to the zone boundary. The zone reach could be increascd due to a higher selectivity.
-VIH. CONCLUSION Thc use of an ANN as a pattern classifier to improve a distance relay was investigated in this paper. The results obtained from this scheme are very cncouraging. The ANN relay can provide a precise operation keeping its rcach accuracy when faced with diffcrcnt fault conditions as well as network changes. Compared to conventional distance relays, this is an improvement in performance. Thus the use of ANNs can make it possible to extend the first zone reach of the relays, enhancing system security.
